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TITLE" REDUCTION OF CHANNEL HOT CARRIER EFFECTS 
IN TRANSISTOR DEVICES 

TECHNICAL FIELD 
The present invention retates generaUy .o semiconductor devices and, more 

transistor devices. 

BACKGROUND 

As M device densities continne to increase, minor fabrication and 

operationa. defects can have impact transistor operation inverse.y proportrona! wdh the 
li:ie— r.Oneome W eU- ta o m proMems f o r ^Ue,deffee,^.s to rs. S 

— — fot — ^^;«:;r::"oonem,cron 

semiconductor field effect transistor (MOSFET) structure 

high electric fie>d. This causes me e.ectrons to behave differendy wrttnn the 

ref erred to as "hot eiectrons", and can, for examp.e, penetrate mto or through the ga, 

gentries ,o store ctarge over time, untH .be transistor uUimate.y f^. 

Severn, techniques have been proposed to reduce hot earner effects. One «de.y 

W Ught impiant is performed before sidewal, spacers are formed on *e gate — . 
After I sidewa., spacers are in p.ace, a second heavier impian, ,s performed ,0 fonn 

Hatha, bevoUagebasasradientacmssmeLDDregaon. This gradren, heips 
Lne, regions. The LDD region thns provides a tegion for me voitage gradren U 
carrier (CHC) effects. 
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Another conventional technique that has been used is the "double doped drain." 
In this technique, for an n-channel transistor, the drain is implanted with both phosphorus 
and arsenic (or alternatively with both phosphorus and antimony.) Phosphorus diffuses 
faster, at a given temperature, than arsenic, and thus produces a slightly "fuzzy" dram 
profile. Again, this has the effect of stretching the voltage change at the dram 
boundaries, and this reduces the peak electric field, as is desirable. 

Another known technique is to employ a thicker sidewall spacer along the edges 
of the gate structure. For example, after a gate structure has been formed, a further 
oxidation is commonly performed, to widen the oxide thickness at the lower corners of 
thegate This has the effect of slightly increasing the separation between the lower 
corners of the gate and the silicon substrate. This is usually done, however, pnmanly to 
compensate for any damage to the gate dielectric at the lower gate corners that may be 
caused by etching processes. 

SUMMARY OF THE INVENTION 
The present invention relates generally to fabrication of a transistor that may 
exhibit reduced channel hot carrier effects. One aspect of the present invention proves 
a method for fabricating a transistor structure that includes implanting a first dopant mto 
a lightly doped drain (LDD) region to form a shallow region therein. The first dopant 
penetratesthesubstratetoadepththatislessthantheLDDjunctiondepth. Asecond 

dopant is implanted into the substrate beyond the LDD junction depth to form a 
source/drain region. The implantation of the second dopant overpowers at least a 
substantial portion of the first dopant to define a floating ring in the LDD region that 
mitigates channel hot carriers during operation of the transistor device. 

This approach can be utilized to form n-channel and p-channel devices. For 
example, an n-channel complimentary metal oxide semiconductor (CMOS) transistor can 
be fabricated according to an aspect of the present invention by forming the shallow 
region with a p-type dopant or an n-type dopant having a lower concentration than that of 
the associated n-type LDD region. For the example of ap-channel CMOS transistor, the 
shallow region can be formed by implanting an n-type dopant or a p-type dopant having a 
lower concentration than the associated p-type LDD region. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
The foregoing and other aspects of the present invention will become apparent* 

description with reference to the accompanying drawings. 

FIG. 1 illustratesacross-sectionalviewofatransistorm 

aspect of the present invention. 

FIG 2 illustrates a cross-section view of a substrate after field oxide and gate 
oxid e layers are formed over the substrate in accordance with an aspect of the present 
invention^ ^ ^ ^ ^ ^ ^ ^ ^ 2 ^ fcnning . gat6 

region in accordance with an aspect of the present invention. 

FIG 4 illustrates a schematic cross-sectional view of the structure of FIG. 3 
associated with forming a Hghtiy doped drain region in accordance with an aspect of the 
present invention. 

FIG 5 illustrates a schematic cross-sectional view of the structure of FIG. 
associated with forming a shallow region in accordance with an aspect of the present 
invention.^ ^ ^ ^ ^ ^ ^ rf ^ „ rfm 5 after 

forming sidewal, spacers in accordance with an aspect of the present invention 

FIG 7 illustrates a schematic cross-sectional view of the smrcture of FIG. 6 
associated with forming source/drain regions in accordance with an aspect of fire present 
invention^ ^ ^ ^ ^ ^ ^ ^ ^ cumnt 

associated with different transistor structures. 

FIG. 9 illustrates a schematic cross-sectional view of another transrstor structure 
in accordance with an aspect of the present invention. 
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DETAILED DESCRIPTION 
T„e present — re,a.es generally * a metal oxide semiconductor field effee. 
^rCMOSFEntha.mitiga.esehanne.ho.eamersorho.elee^ons. Ttas.s 
rlT-p.oy.ng a shallow floating shuchne g enera„y a lig ned amundach^e, 

l 1 .. 1B ^^-~- ta ^ rf - , *- , ■ ,P,,,- 
«^rfnrmance over an extended lifetime. 

ois cussion of FIG. . wil, assume an n-ehanne, transistor, such as an NMOS^e 
rransistor 10 ineludes a gate structme ,2 that is disposed over a gate drele me Uyer 14. 
Tolrm the gate stroeture ,2, a corresponding area is patterned and then ,a,er doped. 

plu.ardop.ngofthepo.yga.enraydependonthe.ypeofdev.ce^.wnetherrt.sar 


30 


oxid e deposition and subset eteh bad, Channe, hot earner effect ean he farther 

wWt h from the gate strueftrre). Sonrce/drain regions 18 are formed on the .a eral srdes 
le gate structure i2 and spacers 16. Lightly doped drain regions (OT 
extensions) 20 are formed ,0 the edge of a channel region 22 over whrch the g* 

formed also laterally of the channe! region. The LDD regions 20 help 

lentration in the corresponding chamre, region 22. The gmurent of me LDD regtona 
20 decreases the electric field between the junction and the channel regron, 
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to accordance with an aspect of the present invention, the transistor -10 also 
hoi carrier effect, The floating region 24 extends from a loeauon a. or near Ore s^e 
floating region 24 can be a ring aubstanuaU, self-aU^ed with a srde edge porrion of fine 
achieve higher device densities on in.egratefl dreads, ft. use of conventronal LDD 
antaller transistor structures are behrg fabricated, channe! ho. earner effects can mcreas 

rf . fc ^-#-*«-------^- to . , - ,,tB S^: fc ^ 

^uce channel ho, carriers as device densities continue ,0 mcrease. Thrs affords 

floating ring ex.e„ds floor a, or near a surface of.be subsfla.e 26 to . dep.hfl.Us ,ess 

any other p,ype dopant. The finia, doping .eve. of the flowing regron 24 can e edh« 
1« sflfl n Type wiflr reduced concentraflon re.aflve to the coneenflaflon of theLDD 
^20. Polronofd.esource/drainreg.ons.Sove^wersthe.i^y oped 
;l IKl h,areinrp.an,ed W .flau,eflo,.ngreg.on24due.ohigher dop.ng.eve.of.be 

o^^re/flraiti reeion than the floating region 24. 

^"ce/drainregion.Spenenatea into the aubsflate^generafly between flre 
sidewa.. spacer ,6 and a, adjacent fle.d oxide region 28. The ^P— 

regi ons 20 substantia,* se.f-a.ip.ed with the gate edge. The fl— structure .0 can 
be formed between adjacent field oxide regions 28. 


5 


fabrics a transistor in accordance with an aspect of the present tnvenUon. Those *** 
" wm — d and appreciate that many or a!, portions of the process can be 

Zm steps wil> be described mainly with respect of forming an n-cbannel MOSFET 
M be fabricated in accordance with an aspect of the present tnvenuon. 

""^rr^eprooeaabe^bypro^a — WermXhe 

aubstratefOOcanbefomtedtromasenticonduc.orma.eriat.snchassihconor 

" Icon The snbstrate .ayer .00, however, cou.d be formed from any matena,, sue 

iphospbide,™— ^^r™me 
ot ber licondncior snbstrate materia,, For the examp.e of an n-channe, MOSFET, 
.„h= M te can be a p-type substrate layer or p-type epitaxral layer. 

^canbeJednamS.oea.oxi^onofsiUconCLOCOSJorahallow^cb — 

A gate dielectric layer 104 is formed over me exposed subsume .00. The gate 
dielectric ayer 102 can have a thiexness according to the device dimens,ons, snch . 
irno m abou,30Amabon,300A.Forexamp,e,n0Aga,eoxide, S n^ 
Z fir 5V app.ica.ion. A dry a„d/or we. therma, oxidation processmg can form *e 
1 to.ec.ric ayer .02. Thermal oxidadon is the standatd memod of formmg a ga. 

die.echic.ayer. For example, any snUab.e .echniqne (e.g., p.asma enhanced CVD, 


oxide layer 104. 
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Addition*, alternate materia* can be employed to provide the gate dielectric 
m7in Hf07 (AlHf) Ox, Hf0 2 , La 2 0 3 and Y 2 0 3 to name a few. Those done 

■i «J iver104 The polygate structure 106 can be formed via a series of 
Violet (UV)/ Ozone (0 3 )/ Sultunc aciq in 2 o a, 

Stable cleannp process. semicond »cor snbsdate 100. 

FIG 4 depicts formation ot LUU region 

, • , , H.t110 alone opposite sides of (he polygate structure 106. The 
gate structure 106 and the LDD region 108, the LDD regio 
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selecti ve ion implantation through an appropriate ma*, prior to fonning the gate 
"By way of example, the LDD region .OS ean he fornred by implanting 

Tt:— ir^r 

LDD rC ^ lS '^^ ctg formation of a shallow region 1 12 within the LDD ^ 
T„e shatlow region 112 is formed by imp.anting a suitable dopant, tndteated « 1 14 tnto 

tv> nf the LDD region 108 to fonn the shallow regions 112. 
^il^S--- — -ce.lheahaUow^ons.^he 

— ---^T;Tr^~-: t mrJow 

* the n-.ype dopant utilized to form the LDD regtons 

""r—Sr— toeausemeaha.lowreglon.ope.e.rate 

deoth remains less than (e.g. , less man or equ 

!■ This tvnieally provides for implanting a suitable dopan. m a range torn about 

jm cUon ™-«»' shaUow rc ^ ons , B can be formed by 

le" em 1 to about le em . For exampl Altem a,ively, 
imnlanringborondiflouridelBF^atadoseofaboutle emato 

lmpidiHins example. The 

boron (Bn) can be implanted at a dose of le cm at 12 KeV, for 
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of the gate structure 106 is exposed. P 

™t of the CVD oxide, which leaves behind the thicker siaewa 
ptrher to remove most ot mebVL> UA,U > 

etcher tor n f the oolygate structure 106, as depicted in FIG. 6. 

• t rf«t 122 of suitable dopants that penetrate beyond the LDD 

— «... 

of example, io Fftrexamme this can involve implanting a 
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side edge of.be gate structure 106. 6 is implan ,ed a. a low dose man .he 

souree/drain regions 120, the pomo ke m since the higher 

wiUhave^e^ontheovera.lopera^aev^ 

^cenhahonofthesou^inregronwdl om,^ ^ 
tool. This helps prevent structures from apreadmg 

of dopants in the ^ „ curre », 1 SUE .0 drive current 

nQ. 8 is a graph 150 tllustrahng ^ ^ , J4 

rep resen, transisror devces ,h* ,nd ^ ^ ^ ^ 

ta accordance with an aspect of ft. pr« n ^ rf 

U—ranofora^—^f- ^^WofB^ 

about 4e" cm* of ft, to form me WD regton - 154 represents 

.efso^ranofora — ^I^ — 
with a concentration of 4e cm oir 3 iF 

floating ring. 1sub/Idrive ratios for transistor 

The other points 156, 158, 160 and ^ 

respectively increasing doses otr 3 i. lf . Q ig formed 

withadoseof4.0e cm uir 3 i r substrate current I S ub is 

^redncedwhenfho— "^ le , L wl, a sma,, 

, dopant dose (e.g., about 3.0e cm t . re u a signiflc ant reduction in Isua when 

poh, ,54) utilized to form .he floatmg nng, mere s,gm 
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u ■-„« Thisreductioncanbefi^erincreasedbyslightty 
compared to the point 158. Thisreducti ^ 152 . 

r tn? cnrh as to form a floating ring as indicated oy me v 
the dose of BF 2 , such as torm ^ ^ 

NMOS transistor, or an n-type into a PMUb 

u , carriers effect can be substantially mitigated. Further, wn 

„ «tte edue is to provide for further overlap 
source/drain extensron near the gate edge P . . emp l 0 yed to form the LDD 
stI uOure by the gate. Another approaeh ,s to reduce the dose emptoy 

M0SF The — structure 200 is formed on a subs tt a,e tayer 202 that can be formed 

\a Ue> formed from any material, sucn db 
however, cou.dbe formed fro J i4e _ indium phos phide, sihcon-^ 

materials. Th^ n well 204 can be formed by 

Mn-weH204isformedmmesubs.ra.e202. ttenwelUO 

, , „,. h „ Dhosp horous and/or arsenic, into me p-type 
^T^etm- ^ed pbesHayer ( no. shown, can be used 
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s;"-^«-« w^ - tt ' ,,,,,,, " l 

^h as shown in FIG. 9- A ga e dielectricca „ be formed via any 

surfaeeand.heneMox.ce^^e^ ^ ^ CVD .a 

• Tr^ — a.Oeen^forexamp.e.apo.ys.Ueonga.e 
regions 206. The gate suwu snace rs 212 are formed 

along the side edges of the gate structure 210. ^^Jj^'^^ * ^ r ^ e ldd regions 214 

„ he performed using an ,on tmplanler ha mi,,a ^ ^ ^ 

type dopants, such as Bn, ano/or or 2 

mitig a t eho t carrier effects. The ^ » 8 2 d ^ ^i Z ed Jfornr the U,f> region 
214 This provides for lighter doped region within the LDD r g 
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nsed ,„ fonn ,he LDD region as ,o„g as «he junction depth of ,ha flowing nng remams 

toss than (a.g„ less than about half) the depth of the LDD junction. 

Following (or before) formation of the LDD region 214, .he n-wel. can be ^ 
panted wta a medium to high dose of source/drain implant (eg P ), such asB , 
and/or BF, The source/drain taplan. penetrates the n-well slightly below the LDD 
taction dep.h .0 define source/drain regions 2.8 wta a high impurity content 
tap— of me source/drain imp.an.s overpowers .be figbUy doped porttons of a 
snatiow region formed wta me floating ring 2.6 (eg., into .he sourceMram regto >• 
This results in me portion of the shallow region located beneath the srdewall spacer 212 
and tbe gate structure 2.0 remaining to fonn the floating ring 2.6. As deprcted m Fia 9, 

Tne use of a floating ring 216 in .he transistor structure 200 provtdes field rehrf 
around tire gate edge of the transistor, which resuUs in reduced channe, hot capers. The 
benefits of mis approach exist even as device densities continue to increase. Tta 
approach Anther can be combine, wta existing approaches used ti> reduce ch^h< 
earriers such as described herein, to fitrther improve channel ho. earner effects. Tins 


structure. 


What has been described above includes examples and implementations of the 
present invention. Because it is no, possible to describe every conceivable combination 
of components, circuitry or mcthodo.ogles for purposes of describing the present 
invention, one of ordinary sail, in .he ar, will tccognize ,hat many further conrbtnations 
and permutations of the presen, invention are possible. Accordingly, tire presen. 
invention is intended to embrace a.1 such alterations, modifications and vanations tira, 
fall within tire spirit and scope of me appended claims. 
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